Abstract. The level structure for negative ions (anions) of some atoms with half filled p shell have been investigated using method with Breit-Pauli relativistic effects (MCHF+BP method). Thus, we have performed a systematic calculation including correlation and relativistic corrections for negative ions of these atomic systems. Investigations level structures of negative ions provide valuable insight into the fundamental problem of many-body motion. The correlation and relativistic effects in negative ions relative to neutral atoms and positive ions are greatly expected. In this work, we also MCHF+BP method.
Introduction
The spectroscopy of negati to the developments in theoretical methods and experimental techniques.
Investigations into the dynamics of negative ions (anions) provide valuable insight into the fundamental problem of many a detailed understanding of the electronic structure of atoms and molecules. Negative ions are fragile atomic systems that differ from neutral atoms and positive ions in many important aspects [1 includes the correlation and relativistic corrections in added non energy. Results with improved accuracy from this form have been neutral atoms not only in the ground state but also in low well as singly charged cations and anions [4] . The binding energy of the outermost electron is considerably smaller than in the isoelectronic atom due to the absence of the long the electron correlation will be much mo suitable test objects for various atomic theories [3] . The influences of correlation effects are positive ions.
The level structure for negative ions (anions) of some atoms with half filled p shell have been investigated using the multiconfiguration HartreePauli relativistic effects (MCHF+BP method). Thus, we have performed a systematic calculation including correlation and relativistic corrections for negative ions of these atomic systems. Investigations int level structures of negative ions provide valuable insight into the fundamental body motion. The correlation and relativistic effects in negative ions relative to neutral atoms and positive ions are greatly expected. In also discuss calculations for these effects in view of the Pauli Hamiltonian; correlation and relativistic effects; structure levels; MCHF method; negative ion.
The spectroscopy of negative ions has been an area of considerable interest due to the developments in theoretical methods and experimental techniques. the dynamics of negative ions (anions) provide valuable insight into the fundamental problem of many-body motion, which is critical for a detailed understanding of the electronic structure of atoms and molecules. Negative ions are fragile atomic systems that differ from neutral atoms and positive ions in many important aspects [1] [2] [3] . The total energy E of an atom includes the correlation and relativistic corrections in added non-relativistic with improved accuracy from this form have been found neutral atoms not only in the ground state but also in low-lying excited states rged cations and anions [4] . The binding energy of the outermost electron is considerably smaller than in the isoelectronic atom due to the absence of the long-range Coulomb attraction in negative ions. In this case the electron correlation will be much more important, and negative ions are suitable test objects for various atomic theories [3] . The influences of correlation effects are very important in negative ions relative to neutral and 
Correlation and Relativistic Effects on the Level Structure filled p Shell
The level structure for negative ions (anions) of some atoms with half--Fock Pauli relativistic effects (MCHF+BP method). Thus, we have performed a systematic calculation including correlation and relativistic into the level structures of negative ions provide valuable insight into the fundamental body motion. The correlation and relativistic effects in negative ions relative to neutral atoms and positive ions are greatly expected. In calculations for these effects in view of the correlation and relativistic effects; electron ve ions has been an area of considerable interest due to the developments in theoretical methods and experimental techniques. the dynamics of negative ions (anions) provide valuable on, which is critical for a detailed understanding of the electronic structure of atoms and molecules. Negative ions are fragile atomic systems that differ from neutral atoms and 3]. The total energy E of an atom relativistic found for lying excited states, as rged cations and anions [4] . The binding energy of the outermost electron is considerably smaller than in the isoelectronic atom due to range Coulomb attraction in negative ions. In this case and negative ions are suitable test objects for various atomic theories [3] . The influences of important in negative ions relative to neutral and As determined in [3] , the properties of most atomic negative ions, including their binding energies and electronic structures, are now well established. But, some electron affinities and fine-structure splittings are not known with complete accuracy. In contrast to the infinite number of states in atoms, the short-range potential of negative ions typically sustains only a few bound states. Fine-structure splittings of many negative ions are poorly determined.
In this paper we systematically report the correlation and relativistic corrections to electron affinities of atoms with half-filled p shell, treating an approximate Schrödinger form of the Breit-Pauli Hamiltonian as a perturbation [5] , and investigate the fine-structure levels of the ground states of the anions of these atoms. The calculations have been carried out using the MCHF atomic structure package developed by Fischer [6] . The ground state valence configuration of neutral atoms with half-filled p shell is np 34 S 3/2 , and the configuration of the negative ions of these atoms is np 43 P 2,1,0 with the lowest energy level being J = 2, followed by J=1 and then J=0. We present the electron affinities and finestructure splittings for negative ions of nitrogen and phosphorus, which have ground states 2p 43 P 2 and 3p 43 P 2 , respectively, according to various configuration sets [7] . For this reason, here we give only the electron affinities of arsenic (As, Z=33), antimony (Sb, Z=51) and bismuth (Bi, Z=83), and the fine-structure levels of the ground state for the negative ions of these atoms (As − , Sb − and Bi − , respectively). We have made the large-scale calculations according to various configuration sets for considering correlation effects. We present only one calculation result for antimony and bismuth because the extensive configuration state functions are produced from other configuration sets. In the calculation for antimony and bismuth presented here, we have considered the configuration set proposed by Biemont and Quinet [8] . The configurations used in the calculations for atoms (As, Sb and Bi) and negative ions (As − , Sb − and Bi − ) are given in Table 1 .
The data on half-filled subshell negative ions can be found on the NIST website [9] , and a review on structure, dynamics and collisions of atomic negative ions is presented by Andersen [10] . The binding energies of the ground state in As − , 4p 43 P 2 , and the 4p 43 P 0 state have previously been determined using broadband tunable threshold spectroscopy by Feldmann, et al. [11] . This measurement yielded an electron affinity of 0.81(3) eV and a fine-structure splitting ∆E ( 3 P 0 − 3 P 2 ) = 0.17 eV. Lippa, et al. [12] used photoelectron spectroscopy to measure the electron affinity of As to be 814(8) meV. Both of these studies also determined the fine structure intervals in the negative ion. The energies of the fine-structure components 4p 43 P 1 and 4p 43 P 0 of As − have been determined relative to the 4p 43 P 2 ground state by Haeffler, et al. [3] , using photodetachment electron spectroscopy. Fine-structure splittings of ∆E ( 3 P 1 − 3 P 2 ) = 125(3) meV and ∆E ( 3 P 0 − 3 P 2 ) = 166(5) meV were obtained in [3] . This was the first experimental determination of the energy of the J = 1 level and an improvement of the accuracy for the J = 0 level. Walter, et al. [13] measured the threshold energies for detachment of each of the three fine structure levels of As − yielding the electron affinity of As and energy separations of the levels using tunable photodetachment threshold spectroscopy. Koga, et al. [4] found a negative contribution of ionization potential for As.
The experimental study of the Sb − ion by Scheer, et al. [14] proved that a combination of one-, two-, and three-photon detachment experiments can be used to completely and accurately determine the energies of the bound terms ( 3 P and 1 D) and the fine-structure levels of the 3 P term. This study clearly demonstrated the potential of utilizing forbidden transitions in optical studies of negative. In [14] , the hyperfine-structure parameters were also calculated using relativistic configuration interaction calculations, which yielded energy values for the 3 P 1 , 3 P 0 , and 1 D 2 levels in good agreement with the experimentally determined energy splittings as well. Feldmann, et al. [11] and Koga, et al. [4] presented the same investigations for Sb − as well as As − .
Feigerle, et al. [15] obtained the electron affinity of Bi − using photodetachment electron spectrometry. Bilodeau and Haugen reported the results of highresolution infrared laser photodetachment threshold experiments on the negative ion of bismuth [16] . The hyperfine structure of the neutral and negative-ion ground states is included in the threshold model. The electron affinity of 209 Bi is determined to be 7600.66 (10) 
Calculation Method
In the multiconfiguration Hartree-Fock (MCHF) approximation [5] , the Hamiltonian is used for obtaining the best radial functions for the set of nonrelativistic energies of the interacting terms. The wave function is expressed as a linear combination of orthonormal configuration state functions (CSFs) so that 
The energy functional will depend on both P (the column vector of radial functions) and c, since H ij depends on the radial functions. A solution of the MCHF problem simultaneously requires the solution of the secular equation and the variation radial equations. If the secular problem is solved it is called a configuration interaction (CI) calculation. If any radial function is optimized, it is called a multiconfiguration Hartree-Fock calculation. Therefore it takes into account correlation effects.
The Breit-Pauli Hamiltonian includes relativistic effects. This Hamiltonian can be written as
where H NR , H RS , and FS H are the non-relativistic many-electron Hamiltonian, the relativistic shift Hamiltonian, and fine-structure Hamiltonian, respectively. In atomic units, H NR is
H RS is the relativistic shift operator and including mass correction, one-and twobody Darwin terms, spin-spin contact term and orbit-orbit term in form
where 
Fine-structure Hamiltonian H FS consists of the spin-orbit, spin-other-orbit, and spin-spin terms,
where
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The Breit-Pauli wave functions are obtained as a linear combination of the form
where H is the Hamiltonian matrix with elements
is the column vector of the expansion coefficients. The Breit-Pauli Hamiltonian is a first-order perturbation correction to the nonrelativistic Hamiltonian.
Results and Discussion
We have presented the calculation values of electron affinities for arsenic, antimony and bismuth, and the fine-structure level energy differences of the ground state of the negative ions (anion) of these atoms. The calculations have been performed using the MCHF atomic structure code [6] based on the multiconfiguration Hartree-Fock method [5] within the framework of the BreitPauli Hamiltonian for relativistic effects in addition to correlation effects. correlation effects were considered, the values of 0.3278 eV, 0.7305 eV and 0.5649 eV were found for these anions, respectively. The values are in agreement with those in [13] for arsenic, [14] for antimony and [15] for bismuth. The electron affinity for bismuth is somewhat poor. Probably the hyperfine-structure levels for this ion have to be investigated. This work is restricted only to the fine-structure levels for the ground states of the anions mentioned above. Table 1 displays the configurations considered in our calculations. We have also used various other configuration sets, as given in Table 1 . Due to computer constraints and code limits, we did not use any more configuration sets. The calculations for antimony and bismuth have been performed using the configuration sets given in [8] . These atoms and their anions have many more electrons. It is well known that these atoms and anions have half-filled p shells in the ground state valence configuration. These configurations produce many more configuration state functions. Therefore we have restricted our calculations to the ground state configuration state functions only. The energy differences, ∆E (in eV), between the fine-structure levels for the ground state of As − , Sb − and Bi − are given in 
